Over the last two decades, two basic approaches toward definitions of ''anatomically modern'' morphology have dominated the literature. I term these statistical and biological approaches, but the two are often explicitly or implicitly related. Further elaboration of the theoretical nature of these associations and their implications offers a way forward from the current disagreements.
STATISTICAL APPROACHES
A set of measurements and proportions can be used to define anatomically modern humans. Day and Stringer 1, 2 proposed the most influential formulation of this approach (Table 1) . They noted that the crania of most living humans and ''modern'' fossil individuals share a short, high vault; a long, high parietal arch that expands in length superiorly; a high, fairly vertical frontal bone; and a gently curved rather than angled occipital bone. These morphological features continue to figure prominently in more recent appraisals of cranial vault globularity, 3, 4 which emphasize the developmental roots and morphological integration of these dimensions. This approach to globularity fits among the ''biological'' definitions of modernity and demonstrates that ''statistical'' and ''biological'' definitions are partially related. Day and Stringer 1 stipulated that these characters ''are expected to be present in more than 75% of samples'' (p. 844) to be considered anatomically modern. Wolpoff 5 subsequently challenged this list of characteristics, noting that the crania of some populations of recent humans, such as Australian Aborigines, would not qualify as ''anatomically modern'' by the criteria.
By 1984, these metrical and discrete traits had been conceptualized as a set of derived features that could be used to define modern humans in a cladistic framework and to separate them from H. erectus or Neanderthals. 6 This work built upon slightly earlier efforts to define cladistic features of modern humans and Neanderthals. [7] [8] [9] More recent work by Schwartz and Tattersall [10] [11] [12] [13] [14] has identified additional features that may be useful in diagnosing crania of ''anatomically modern'' humans (Table 2). Additional work by Lahr, [15] [16] [17] Habgood, [18] [19] [20] [21] Groves, 22 and Lieberman 23 has tested to the extent to which some of the discrete or metrical features that have been argued to provide evidence of multiregional evolution actually support that mode of evolution. Lahr and Wright 24 investigated the extent to which these ''regional features'' covary with patterns of metrical variation in recent human crania.
The lists of metrical characteristics and discrete features that have been proposed to define ''anatomically modern'' morphology in cladistic analyses are certainly useful in a heuristic sense but, as Wolpoff 5 demonstrated, they can entail problems when applied to some recent populations. These features and proportions run into more even problems when applied to the earliest candidates for ''anatomically modern'' humans such as the 195,000-year-old Omo Kibish specimens, the Herto crania, or the fossils from Skhul and Qafzeh. Most of these ''modern-like'' or ''near modern'' crania do not have the full set, or sometimes even 75%, of the ''modern'' features. Schwartz and Tattersall's ( Table 2) cladistic diagnosis of anatomically modern Homo sapiens excludes many of the 100,000-yearold and older candidates for the earliest modern humans. By Schwartz and Tattersall's criteria, none of the Skhul specimens has a truly human chin; neither does Qafzeh 7, Tabun C2, the juvenile specimen Qafzeh 4, or KRM 13400 or 14695 from the Middle Stone Age of South Africa. On the other hand, Schwartz and Tattersall   12 consider Qafzeh 8, 9, and 11, as well as KRM 41815, to have all the components of a chin, as do the much earlier North African specimens of Tighenif 1, 2, and 3, which are generally attributed to Homo erectus. Schwartz and Tattersall 13 describe Omo Kibish 1 and the juvenile mandible Jebel Irhoud 3 as not possessing a true chin. From my personal observation, Omo Kibish 1 has a mental eminence closely resembling that of KRM 41815, the mandible that has the most projecting chin at Klasies River Mouth. 25 Perhaps an explanation for these different appraisals lies in the fact that such qualitative judgments always entail a degree of subjectivity and may contain more interobserver error than one might wish.
A second important and nearly ubiquitous finding of multivariate studies of cranial variation in recent and fossil humans is that Pleistocene specimens, including early modern or nearly modern humans, generally fall outside of the clusters of recent human crania. [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] Middle and early Upper Pleistocene fossils are almost always widely separated in multivariate space from recent populations. The same often applies to postcranial remains of equivalent age. [36] [37] [38] Figure 1 provides one example of this finding. The figure shows the results of a canonical variates analysis (CVA) on the dimensions of the 160,000-year-old Herto cranium (from the supplementary information of White and colleagues 39 ) versus Howells' males from Teita, East Africa and Mokapu, Hawaii. 40 The Herto cranium was treated as the mean of ''population,'' a procedure that allows the cranium to express its uniqueness, but that also conflates individual, within-population variation with between-population variation. This statistical effect often tends to make a ''population'' that is represented by a single specimen appear to be more distinct from the recent populations than was the case for the ancient population from which it was drawn. The measurements suffice to produce complete separation between the groups. Examination of the eigen vectors from the CVA reveals that the great cranial length of the Herto cranium accounts for almost all of its distinctiveness from the recent populations on Axis 2.
Despite were closer to the Skhul-Qafzeh group than were Neanderthals. However, he also found that the DaliMapa ''group'' was only marginally more distant from Skhul-Qafzeh than was the contemporaneous group of African crania. Furthermore, the African and Asian samples of late Middle Pleistocene crania were separated by only a very small shape distance that was similar in size to the shape distances between many of Howells' groups of recent human crania. A variety of explanations for this finding have been tendered, including that late Middle Pleistocene gene flow from Asian hominins may have been a key ingredient in the origin of modern humans 44, 45 or that multiple dispersals of hominins brought new genes and morphology to Asia, whether or not admixture with earlier inhabitants also occurred. [46] [47] [48] [49] [50] [51] More work is clearly needed to test these competing hypotheses for the observed pattern of shape distances.
Returning to the issue of the implications for definitions of ''anatomically modern'' humans, the large distances between ''early moderns'' such as the Skhul-Qafzeh hominins and the Herto cranium and recent humans clearly indicate that the fossil specimens are morphologically distinguishable from recent people. However, opinions differ widely on what taxonomic importance (for example, subspecific or specific) these kinds of multivariate distances should be given. Similar debates arise regarding the issue of what the great distances between recent humans and Neanderthals mean for phylogeny. [52] [53] [54] With respect to definitions of ''anatomically modern'' morphology, an important development was Kidder and colleagues' proposal 33 that any cranium that could be distinguished metrically at p < 0.05 from Howells' large sample of recent human crania should not be considered ''anatomically modern.'' In essence, Kidder and colleagues advocated a statistical criterion to operationalize the phylogenetic species concept, 55 which defines a taxon as a minimum diagnosable unit of organisms.
Application of this criterion led Kidder and colleagues 33 to classify almost all early Upper Pleistocene crania as outside the 95% range of variation in modern humans. Of the putative specimens of early ''anatomically modern'' humans, only Qafzeh 9 clearly fell within the 95% range of recent humans. Jebel Irhoud 1 also consistently fell outside the 95% range, as did all Neanderthals except Saccopastore 1. In some analyses, a substantial percentage of large and rugged Mesolithic European crania from the site of Ofnet also fell outside of the 95% envelope of recent humans, as did most crania of Upper Paleolithic Europeans.
Kidder and colleagues' approach has the advantage of proposing a rigorous definition but, from the standpoint of trying to understand the dynamics within an evolving lineage, the simple modern versus nonmodern dichotomy that it offers may be an overly blunt instrument that is of limited utility for producing phylogenetic hypotheses. Wider-ranging phenetic analyses 17, 26, 27, 29, 42 are more flexible and subtle instruments for exploring patterns of phenotypic relationships. Nevertheless, this and other forms of phenetic analysis do not separate homoplasies from synapomorphies, although several authors 17, 26, 43, 56, 57 have made judicious attempts to use metrical data to untangle primitive and derived cranial morphology. Clearly, the phenotypes of the first ''anatomically modern humans'' differed from those of living people; it remains difficult to decide what phylogenetic significance, if any, that observation should have.
There are many reasons why a 100,000-year-old cranium may differ statistically from 95% of the crania of a recent population. These reasons may include microevolutionary changes and the possibility that quite disparate environmental influences on growth and development acted during the two time periods. Although it is likely that only some of those reasons for the statistical differences are important in a phylogenetic sense, most of them have the potential to provide insights into morphological change. Ideally, one would like to partition morphological distance into differences due to genetic drift, adaptation, and environmental interactions with ontogeny. Recently, several promising studies have shed light on these issues, including work on the amount of morphological diversity in recent humans that likely reflects genetic drift [58] [59] [60] and the effects of the toughness of foods on the cranial morphology and occlusion of nonhuman primates, 61, 62 retrognathic mammals (for example, hyraxes 63 ), and humans from different parts of the world. [64] [65] [66] [67] Nevertheless, much remains to be done before these relationships become completely clear.
BIOLOGICAL APPROACHES
The second major theoretical approach to defining ''anatomically modern'' morphology has focused on the developmental processes that produce key differences in cranial morphology between recent people and Middle Pleistocene hominins or between humans and chimpanzees. Many of the proponents of these models stress that one or, at most, a few key changes in growth and development produced modern cranial morphology. Lieberman, 3, 4, 68 Krovitz, 69 Ackermann, 52,70,71 Williams, 72 Ponce de Leó n and Zollikofer, [73] [74] [75] [76] and Mitteroecker and colleagues 77 have been prominent recent advocates of this approach, but it is rooted in previous work. [78] [79] [80] [81] Much of the early work on cranial ontogeny in archaic Homo focused on contrasts between anatomically modern children and Neanderthals, the best-known group of premodern Homo. [82] [83] [84] [85] Recent work has increasingly focused on the evolution of hominin life history and the pattern and rate of dental and cranial development in archaic humans in comparison to those in recent human children. [86] [87] [88] [89] [90] One key finding from this research is that a modern life history evolved surprisingly late, possibly with the origin of modern humans 81, 86, 87, 91 or in the common ancestor of modern humans and Neanderthals 88, 89 ; another is that modern human and Neanderthal crania grow in very similar ways from two years of age onward, and quite possibly from birth on. 69, 73, 76 Some studies report a faster rate of cranial growth in Neanderthal children, but the pattern of cranial growth is basically similar. 73, 74 Indeed, a similar pattern of growth appears also to characterize australopiths and African apes, whose growth departs from this pattern in comparatively minor ways. 70, 71, 77 It is thus quite likely that the archaic African predecessors of modern humans shared the same pattern. Almost all of the differences in proportions that distinguish modern humans from archaic Homo may have been established prenatally, 76 but see McBratney-Owen and Lieberman's 92 discussion of some of the limitations in this interpretation.
The likelihood that the key morphological differences develop prenatally poses new difficulties for the study of the fossil record because bony remains from this phase of ontogeny are very rarely preserved. The way forward may be to gain a much better understanding of the variability of prenatal growth in modern children, as well as the genetic and epigenetic control of the process. These areas of study are still in their early stages, 93 especially with respect to nonpathological variation in morphogenesis.
Despite these difficulties, differences between adult modern and archaic humans can be discerned easily. Various hypotheses have been advanced regarding the growthrelated processes that may produce these differences (Fig. 2) . A shared challenge for all of these hypotheses is to design nontautological tests of them, something for which the fossil record may be quite useful. All of the novel morphological features related to these proposed ontogenetic changes co-occur in living humans, along with everything else we think to be unique about our species. It can be tempting to suppose that their co-occurrence may mean that they are causally or developmentally intertwined so that they must cooccur in Homo. This proposition may or may not be the case. The fossil record offers a way to test these kinds of hypotheses either by the direct study of early ontogenic stages of ancient groups like the Neanderthals or by the study of premodern adults whose morphology can be scrutinized to see if it conforms to ontogenetically based expectations about the interrelationships of the parts of the cranium.
The first type of developmental hypothesis might be termed a ''brainfirst'' hypothesis for its emphasis on changes in brain size and proportions, frequently depicting brain expansion as the most probable source of influences or constraints that acted to necessitate other morphological changes. A recent example comes from Bruner's 94, 95 studies of the morphometrics of modern and archaic brains. Bruner's studies demonstrate that modern humans and archaic humans, including H. heidelbergensis and the larger-brained Neanderthals, did not undergo completely homologous expansion of the different parts of the brain as brain size increased. In particular, Bruner found that modern humans had a species-specific (autapomorphic) expansion of the volume of the parietal lobe. 95 He speculated that this expansion of the parietal lobe caused dorsal growth and ventral flexion of the brain and, ultimately, a more globular cranium. Alteration of the growth of the brain provides the prime mover in this view of the origin of modern cranial form (see Fig. 2 ). It should be noted, however, that such ''brain-first'' hypotheses acknowledge that changes in other components of the cranial fossa, especially changes in the amount of tension in the falx cerebri, may have interacted with increasing brain size or altered brain proportions to influence the globularity of the cranium. 95 Other work contradicts Bruner's study, instead finding in comparisons of human and primate brains that only the temporal lobe is larger than expected from patterns of allometric scaling in great apes' brains. [96] [97] [98] [99] [100] Although scenarios for brain change involving the size or proportions of lobes other than the temporal now have a dubious status, brain-centered views of what made humans modern have an added attraction of simultaneously providing an explanation for the change in morphology and offering a possible neurological correlate of some of the cognitive changes, including, perhaps, the final refinement of fully modern language, that many (but not all) researchers think accompanied the evolution in cranial form.
Other developmental hypotheses for the origin of modern cranial morphology have focused on additional aspects of cranial growth, postulating a few key developmental shifts. 3, 4, [69] [70] [71] [72] [73] [74] [75] [76] 101 These studies admit that an increase in brain size during the Middle Pleistocene may have also been an important factor that necessitated some additional alterations in cranial architecture. Lieberman and colleagues 3, 4 described the primary developmental shifts that distinguish ''modern'' crania from archaic specimens: (1) a more globular cranial vault in the sagittal, coronal, and transverse planes; (2) reduced facial projection linked with a more flexed cranial base and a longer anterior cranial fossa; and (3) a more clearly developed canine fossa. Cranial globularity is hypothesized to develop from an interaction among brain size, cranial base length and width, and cranial base angle, which also correlates with facial size. 3, 4, 101 The fossil record also allows us to test, at least partially, hypotheses about morphological integration. 4, [102] [103] [104] In the case of the derived features that we can use to distinguish Homo sapiens sensu stricto from ca. 1-Ma-old specimens of African Homo erectus, Figure 3 shows that the entire suite of characters does not appear as a unified set. It should be noted that Lieberman and colleagues 3, 4 have never claimed that the features evolved in unison, only that they now characterize modern humans and any specimens in the fossil record that can be considered modern. Instead of appearing as a set, these features appeared in the fossil record gradually and in a mosaic fashion. It is highly unlikely, therefore, that the entire suite of features must co-occur in the process of development. However, it remains possible that the evolution or ontogeny of later-appearing traits depended on the evolution of the earlier-appearing traits, and thus may be heavily dependent on one another. This possibility is more difficult to test, but might be amenable to study in 400,000-100,000-year old specimens with mosaics of modern and archaic traits. With regard to the pattern of co-occurrence, however, it is worthwhile to ask how tightly integrated over evolutionary time were the smaller set of features, such as cranial globularity and a vertically short and nonprojecting face, that plausibly stem from developmental shifts.
Gobularity in the transverse plane (that is, brachycephalization) is a recent phenomenon that has accelerated in Holocene populations. 105 Along with a general reduction in overall cranial size, brachycephalization is one of the features that acts to make the crania of the vast majority of living humans highly different, in a statistical sense, from those of early modern humans from 100,000 or 25,000 years ago. A better case can be made that sagittal and coronal globularity are causally linked because their degree of expression is better correlated in the fossil record.
The fossil record is also informative about the co-evolution of a flexed cranial base; a retracted, vertically short face; a weakly projecting browridge; and a long anterior cranial fossa. A vertically short face may have appeared first (for example, Steinheim, Dali) but the penecontemporaneous specimen Eliye Springs has both a vertically short face and a degree of cranial base flexion that actually exceeds that of modern humans. 106 Eliye Springs has pathological changes of unknown etiology 107 that produced a very thickened vault and may have altered other aspects of its morphology, but Steinheim and Dali are not similarly affected. It is difficult to know how much of this pattern of decrease in facial size is related to sexual dimorphism in 300,000-200,000-year-old specimens of Homo. Likewise, it has not yet been possible to measure the antero-posterior projection of the face in these early, vertically short-faced specimens, but it is quite possible that the damaged face of Eliye Springs had an anteroposteriorly long face that differs from that of modern humans. In addition, Eliye Springs has a notably antero-posteriorly short anterior cranial fossa. 106 If Eliye Springs is a good guide to the association of these basicranial and facial features, which should be tested rather than assumed, especially given its pathology, this fossil may indicate that a flexed cranial base and vertically short face evolved before a globular cranial form, an antero-posteriorly short face, or an elongated anterior cranial fossa. If so, it is likely that the modern suite of features stems from different or perhaps additive ontogenetic shifts.
Arguably, as an artifact of the history of discovery of fossil specimens, 108 the presence of a canine fossa had, by the early 1980s, become one of the derived traits used to characterize modern morphology. 1, 2, 6 This practice now appears to be inaccurate. A well-developed canine fossa appears in the 800,000-year-old H. antecessor juvenile, 109 some H. heidelbergensis specimens from Sima de los Huesos, 110 and the second, smaller adult maxilla from Broken Hill. 111 Thus, development of a canine fossa appears to be a very old trait in archaic Homo. Interestingly, canine fossae also seem to be more prevalent in smaller adult faces (for example, Steinheim, Dali, and Florisbad) and juveniles. However, a canine fossa is rarely present in larger, presumably male crania such as Bodo, Kabwe, Sima de los Huesos 5, and Petralona, which have heavily influenced conceptions of the morphology of Homo heidelbergensis.
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Empirically, the presence of a canine fossa does not depend on the presence of a globular cranial vault. Canine fossae may also occur in conjunction with highly projecting browridges, as in Steinheim and Dali, so those two features are unlikely to be developmentally or functionally linked. An association between the presence of canine fossae and a flexed cranial base and long anterior cranial fossa is much more difficult to test. Nevertheless, an association between canine fossae and vertically short faces, whether in small adults or juveniles, is present in the fossil record, but not uniformly. For example, juvenile Neanderthals have small faces without canine fossae. 82, 113 In sum, the development of a canine fossa does not seem to result directly from the presence of any one of the features that define modern crania and thus is less likely to be a functional or developmental byproduct of the other shifts. Its association with a vertically short, wide face may have a functional or developmental basis, but this hypothesis should be tested further.
A difficulty with definitions of ''anatomically modern'' form based on processes of growth is that very ancient crania showing evidence of some or all of these growth changes might be considered ''anatomically modern,'' yet possess few of the discrete features required by Tattersall and Schwartz's cladistic approach or fall outside of a confidence region containing 95% of more recent crania. These paradigmatic differences have resulted in the current disagreements about how to define ''anatomically modern'' morphology.
INTEGRATION
Perhaps the evolution of modern humans should be viewed as a process rather than as an event, although it may have involved one or more periods of rapid morphological change due to drift during population bottlenecks, selection for new, advantageous traits or genes, or some combination of the two. De Queiroz 114 has proposed a philosophically useful view of speciation as just such a process, during which various criteria for what constitutes a ''species'' differentiate the members of an evolving lineage from its closest living relatives. According to that model, early in the divergence of populations that will become different species, separation usually occurs, followed in turn (but not always in the same order) by the establishment of criteria needed to identify species according to differing definitions: establishment of a given level of average phenetic or genetic difference, establishment of diagnosability (which de Queiroz 114 considers one or more fixed differences), development of different apomorphies, selection against hybrid individuals, the establishment of differing mate recognition systems, reproductive isolation, and ultimately a complete lack of viability of hybrids. Given enough time, all of the criteria will eventually apply to two lineages that have diverged.
De Queiroz's insight can be applied to the process of the origin of ''anatomically modern'' morphology and the origin of modern humans in Africa, whether or not that process involved speciation. As shown in Figure 3 what defines an ''anatomically modern'' skull would allow one to diagnose some or all of the specimens from a given segment of time or in a given clade as ''anatomically modern.'' Study of the order in which ''modern'' traits appear is also highly useful because it can allow preliminary tests of hypotheses about how the various features are integrated. Unfortunately, aside from the Herto and Jebel Irhoud juveniles, the fossil record for the period in Africa is largely restricted to adults. However, as adult morphology results from ontogeny, the study of the co-occurrence of features in adults can yield at least some insights into the underlying process of growth and development, or at least lead to more informed hypotheses about those processes.
With respect to the various morphological features that can be used to define modern humans, perhaps the initial changes are an increase in the brain size of African H. erectus between 1.0 Ma and 600 ka, and the evolution of ''modern'' temporal bone morphology 8, 9 during the same interval. Vertically shorter faces appear in at least some individuals by 400-300 ka; these faces include Ndutu, the second maxilla from Kabwe (if it is genuinely this old), Eliye Springs, KNM-ER 3884, 115 and Florisbad. 28, 115, 116 Between 400 and 300 ka, there appears to have been a continued but probably slow expansion in brain size and a reduction in facial size.
Evolution of crania that display the ''modern'' apomorphies of a more globular cranial vault, flexed cranial base, enlarged middle cranial fossa, lengthened anterior cranial fossa, and antero-posteriorly short midface 3,4,92 occurs by 200 ka. Evolution of more pronounced mental eminences, some of which obtain the morphological condition described by Schwartz and Tattersall   12 as an inverted T, first appear between 200-100 ka, but may date back to the Middle Pleistocene H. erectus specimens from Tighenif. Even at 100 ka, however, many ''modern'' or ''nearmodern'' 117 mandibles in Africa and the Levant have weakly developed chins; the feature clearly continued to become more prominent and more common in humans between 100 ka and ca 20 ka.
In Africa, there is a long gap in the hominin fossil record between ca 80-20 ka, from which few specimens are known. The exceptions are Taramsa Hill 118 and Hofmeyr. 119 This gap in the fossil record is unfortunate, causing us to have almost no insights into the process of morphological diversification of anatomically human populations in Africa. After the gap, it is clear that several morphologically distinguishable populations existed within Africa. In common with many other parts of the world, 26, 30, 32, 33 crania that have dimensions or suites of morphological traits that make them statistically indistinguishable from the living populations appear only during the Holocene. 18, 30, 31, [120] [121] [122] [123] [124] [125] [126] [127] [128] [129] Holocene crania tend to be smaller and less ruggedly built than are their Pleistocene predecessors and tend to have much more pronounced chins than do Middle Stone Age early moderns. This nearly universal pattern of gracilization is associated with the marked reduction in size that apparently occurred in the Upper Pleistocene in the ancestors of the Khoesan in southern Africa 130, 131 and the cranial gracilization that accompanied the spread of agriculture through the continent. 132, 133 This is the latest step in human morphological evolution in Africa.
Just as in de Queiroz's 114 unified view of speciation, at various points in this process, different criteria for what defines ''anatomically modern'' morphology apply and would allow one to identify most of the specimens from that point on as ''anatomically modern'' humans. It is worth remembering, however, that the simplest view of the process assumes a specific alpha taxonomy of the specimens in question, namely that they all belonged to a single evolving lineage. By implication, all of the specimens would represent steps in the process of our species' evolution. Although this assumption rests on a precedent established by other researchers, 28, 115, 116 the alpha taxonomy of Middle Pleistocene hominins is still a matter of considerable debate. Rather than one evolving hominin lineage in Africa, other workers prefer to recognize many distinct species, morphs, or paleodemes. 13, 14, 48, 134, 135 As Tattersall wisely emphasized at the conference, a solid alpha taxonomy is of crucial importance, for only when we understand who the actors were, whether species or subspecific but morphologically divergent populations, will we be able to understand what happened in human evolution. A key factor in appraisals of Middle Pleistocene taxa is how one should deal with intrapopulation morphological variability. 110, [136] [137] [138] Much remains to be done before the experts are likely to reach a consensus on the alpha taxonomy of Middle Pleistocene hominins in Africa or the rest of the world. In this regard, the new emphasis on the study of the developmental basis of cranial traits is very welcome. A better understanding of the developmental and genetic basis of adult morphology should help to clarify many of these phylogenetic relationships or at least provide us with insights into which features may be the most useful for phylogenetic reconstructions.
With respect to the various morphological features that can be used to define modern humans, perhaps the initial changes are an increase in the brain size of African H. erectus between 1.0 Ma and 600 ka, and the evolution of ''modern'' temporal bone morphology 8, 9 during the same interval.
